Patients coming for elective surgery were randomly assigned to one of three treatment groups: control, cimetidine 300 mg orally two hours ore-operatively, or sodium citrate 0.3 M solution 30 ml orally, given as the patient was leaving the ward for the operating room. Each group consisted of 15 patients. This study reconfirms the average 26 per cent risk of significant aspiration in patients, coming for elective surgery, who have not received an agent intended to decrease gastric acidity or to decrease volume of gastric content. Sodium citrate is effective most of the time (87 per cent) in decreasing gastric acidity but is associated with a large mean volume (40.8 ml) of aspirate. From the results of this study cimetidine appears to be the preferable agent to use because it is completely effective in decreasing gastric acidity but does not increase the mean volume (17.0 ml) of the aspirate. Cimetidine appears to be an excellent agent to use as a preventative measure against aspiration during the induction of anaesthesia. Sodium citrate is a reasonable alternative if there is a contraindication to the use of cimetidine. However, these agents should be regarded only as adjuncts in the prevention of aspiration of gastric contents at the time of induction of anaesthesia.
IN 1946, Mendelson first described the syndrome of pulmonary aspiration of gastric contents in obstetrical patients undergoing general anaesthesia. I There has been ongoing research to elucidate the significance of the acidity of the aspirate, the volume of the aspirate and how to alter one or both of these. The syndrome of aspiration pneumonitis has been reproduced in the laboratory situation by instilling clear solutions of acid or filtered gastric contents with a hydrogen ion concentration ([H+]) greater than 3.16 x 10 -3 milliequivalents per litre (mEq/I) into the lungs. ~'~ When the [H +] of the aspirate was less than 3.16 x 10-3mEq/I (pH greater than 2.5) the physiological and morphological responses were slight and transient. The volume of aspirated gastric acid necessary to produce a significant pulmonary reaction in man is unknown. Based on work done by Roberts and Shirley 3 with Rhesus monkeys the suggested minimum volume which may be hazardous is 0.4 ml/kg or, on the average, 25 ml.
Animal and human data to the present time implicate the acidity of gastric contents as the most important causative factor in the developEllen Foulkes, M.D., L.C. Jenkins, M.D., F,R.C.P.(C), Department of Anaesthesia, University of British Columbia, Vancouver General Hospital, Vancouver, Canada, V5Z IM9. 29 Canad. Anaesth. Soc. J., vol. 28, no. 1, January 1981 ment of aspiration pneumonitis. Volume of fluid aspirated appears to be secondary to acidity as a cause of pneumonitis, primarily being of significance in the presence of a high [H+] .
As aspiration of gastric contents is a recognized complication of a depressed level of consciousness, the aim of the study was to find an easily administered, effective way of decreasing gastric acidity so that it is below 3.16 • 10 -3 mEq/l (above pH 2.5) at the time of induction of anaesthesia.
Two agents, cimetidine, a histamine-H2 receptor antagonist which decreases H + secretion into gastric fluid and sodium citrate, a clear alkaline solution (pH = 8.21), were studied with respect to their effectiveness in decreasing gastric acidity and with respect to their effect on gastric volume in patients coming for elective surgical procedures.
METHO DS AN D MATERIALS
Patient selection was limited to 45 adults (age 19 to 70 years), ASA Class I or II, non-pregnant, with no gastrointestina:l pathology and coming for elective surgical procedures. They were randomly assigned to one of three equal size (n = 15) treatment groups: control, cimetidine or sodium citrate. Each patient received premedieation as ordered by the attending anaesthetist consisting of a benzodiazepine per us (p.o.) or a narcotic with or without atropine or hyoscine intramuscularly (I.M,). The groups were similar with regard to distribution of type of pre-anaesthetic medication. Patients in the control group received no additional agents. Cimetidine was administered as 300rag p.o., two hours before operation. Sodium citrate 0.3 M solution, 30 mi p.o. was given as the patient was leaving the ward for the operating room.
After induction of anaesthesia and tracheal intubation a number 14 Salem sump gastric tube was inserted orally into the stomach and the contents aspirated until dry. Volume aspirated was recorded and the pH was measured using a Radiometer Copenhagen pH meter. (Table I) Twelve (80 per cent) of the fifteen patients in the control group, had measured [H +] greater than 3.16 x 10 -3 mEq/! (pH< 2.5). Of this group of twelve, four (34 per cent) had aspirated volumes in excess of 25 ml. Overall four patients of the fifteen (26 per cent) had [H § greater than 3.16 x 10 -3 mEq/l (pH < 2.5) and a measured volume greater than 25 ml. The mean [H § of the group was 3.63 • 10 -3 mEq/l (pH 2.44), while the mean measured volume was 18.3 ml.
RESULTS

Control Group
Sodium Citrate Group (Table 1)
In this group of patients only two (13 per cent) had a [H +] greater than 3.16 x 10 -3 mEq/I (pH < 2.5), but the volume of aspirate was markedly increased with thirteen (87 per cent) patients having more than 25 ml measured. The two patients with the high [H +] were also the only ones without a significant measured volume. The mean [H § was 2.63 x 10 -6 mEq/l (pH 5.58), and the mean measured volume was 40.8 ml.
Cimetidine Group (Table 1) None of the patients in this group had a measured [H +] greater than 3.16 x 10 -3 mEq/I (pH< 2.5). The range was from 1.54 x 10 -3 mEq/I (pH 2.81) to 2.45 x 10 -H mEq/I (pH 7.61) with a mean [H +] of 9.12 x 10 -6 mEq/I (pH 5.04). Only three (20 per cent) had volumes in excess of 25 ml. Volume measured ranged from 3 to 54 ml with a mean of 17.0 ml.
One cannot assume that the stomach has been completely emptied by aspirating through a gastric tube; therefore, the measured volume may underestimate the true amount present. The vol-ume as measured here is pertinent only as an indicator of minimum volume in the stomach.
The data obtained were submitted to statistical analysis using one-way analysis of variance followed, where appropriate, with the Tukey HSD procedure. 4 The two dependent variables were treated separately at the 0.01 level of significance. As shown in Table II , significant differences among mean [H § and mean volume were found. Application of Tukey's procedure revealed that both cimetidine and sodium citrate were effective in decreasing acidity below control levels. Sodium citrate produced a significantly larger volume of aspirate than either cimetidine or the controls.
DISCUSSION
Gastric fluid with a [H § greater than 3.16 x 10 -3 mEq/l (pH < 2.5) has been implicated as the primary causative factor in aspiration pneumonitis. The logical prophylaxis for aspiration pneumonitis was to use commercial antacid preparations to decrease gastric acidity. The use of 15 rnl antacid p.o. 30 to 90 minutes before operation became common until 1975. At that time Taylor published a case report of pulmonary complications following aspiration of gastric contents with [H +] of 3.16 x 10 -4 rnEq/I (pH 3.5) in a patient who had received antacids, s As a result, the recommendation was to increase the volume of pre-operative antacid to 30 ml. Further research by Gibbs has shown that this practice is likely dangerous. 6 Working with dogs, he showed that the aspiration of particulate antacids causes at least as much pulmonary damage as does the aspiration of gastric acid and the effects of antacids on the lungs are greatly prolonged. 6 The laboratory work does have clinical relevance based on case reports of pulmonary problems following the aspiration of gastric contents containing antacids. 7"8 There are alternatives to the use of particulate antacids. One of the alternatives is sodium citrate 0.3 M solution which has variously been reported as being effective and non-effective in diminishing gastric acidity. 9'~~ Sodium citrate solution at least produces minimal insult when it is instilled into the lungs.
Another alternative is the use of histamine H2 receptor antagonists, such as cimetidine, which inhibit gastric secretion and thereby decrease acidity. There have been conflicting reports re-garding its efficacy in accomplishing this aim at the time of induction of anaesthesia. ~ t.~ 2
Other agents have been investigated for their ability to protect against aspiration pneumonitis. Metoclopramide has no effect on gastric acidity, but it has been shown to increase gastric emptying by increasing peristalsis and relaxing the pyloric sphincter. 13 It also increases the tone of the lower oesophageal sphincter.t4 Anticholinergic drugs have also been investigated, but in common clinical doses they have no effect on gastric pH ~5 and they decrease lower oesophageal sphincter tone, ~6 increasing the risk of regurgitation.
In summary, on the basis of the data collected here 26 per cent of patients coming for elective surgery who have not received an agent intended to decrease gastric acidity are at risk of significant pulmonary aspiration, Cimetidine and sodium citrate 0.3 M solution are equally effective in decreasing mean gastric [H § significantly below that of the control group as determined by the Tukey HSD procedure. Sodiurn citrate 0.3 M solution as used in this study produces a significantly greater mean volume of aspirate than that of the cimetidine and control groups as determined by the Tukey HSD procedure. The more satisfactory agent appears to be cimetldine 300 mg p.o. two hours before operation. In this study it was 100 per cent effective in decreasing gastric [H +] below 3.16 x 10 3 rnEq/1 (pH > 2.5) and it did not increase gastric volume.
